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SUMMARY 


A collection and summary have Been made of the wing-aileron rolling- 
effectiveness data which have Been oBtained as a part of a general inves- 
tigation of lateral control Being conducted By the Langley Pilotless 
Aircraft Research Division i 4 tilizing rocket-powered test vehicles in free 
flight over a range of Mach numBer from 0.6 to 1.6. Some effects of 
trailing-edge angle, aileron-chord ratio, aileron span and location, 
aspect ratio, wing sweepBack, and wing-tail interference are presented. 
Rough design charts have Been prepared to show some effects of aileron 
trailing-edge angle at two sweepBack angles, aileron-chord ratio, wing 
aspect ratio, and spanwise extent and location of aileron. These rough 
design charts have Been prepared for use in the preliminary design stage, 
and estimates from these charts were in fair agreement with measured 
rocket-model data for several configurations simulating existing or pro- 
posed aircraft wing-aileron comBinations . 


INTRODUCTION 


A general investigation of lateral control at transonic and super- 
sonic speeds is Being conducted By the Langley Pilotless Aircraft Research 
Division utilizing rocket -powered test vehicles in free flight. The first 
successful roll test was achieved in May 19^6 and since that time a large 
numBer of successful test vehicles, comprising a variety of wing-control 
configurations, have Been flown at the Langley Pilotless Aircraft Research 
Station at Wallops Island, Va. It is the purpose of this report to collect 
and summarize the rigid-wing flap-type aileron data oBtained from these 
tests under one cover in order to aid in the design of aircraft intended 
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to be flown at transonic and supersonic speeds. A major portion of these 
data has been reported in references 1 to 55. The data for a few models 
(see refs. 1 to 4 and 6 to 10 ) were obtained during the earlier phases 
of the development of the testing technique, and although they were 
believed to be reliable as to trends and magnitude, they do not meet the 
standards of accuracy of the present report and are not included. Data 
for only the solid- steel-wing model (ref. 19) have been included since 
the other models had such large aeroelastic corrections as to make the 
calculated rigid-wing results questionable. 

It should be noted that the data in the present paper represent a 
rigid-wing tailless (except where noted) configuration in essentially 
steady-state roll at zero lift and zero yaw, with each aileron differ- 
entially deflected 5° to No data concerning the variation of rolling 

effectiveness with aileron deflection or wing stiffness are shown. 

In the following sections an attempt has been made to separate the 
effects of the major geometric variables of the wing and aileron on 
rolling effectiveness. Except for the effects of trailing-edge angle, 
the data obtained by varying a major geometric parameter are first pre- 
sented as rolling effectiveness plotted against Mach number and then 
cross-plotted against the major geometric variable for several Mach num- 
bers. These cross plots may be considered rough design charts showing 
some effects on rolling effectiveness of aileron trailing-edge angle at 
two wing sweepback angles, kileron-chord ratio, wing aspect ratio, and 
aileron spanwise extent and location. All the aforementioned cross plots 
unavoidably contain some effects of trailing-edge angle. 

The design charts have been used to estimate the rolling effectiveness 
of an assortment of wing-aileron combinations simulating the wing-aileron 
combinations (without fixed tails) of some existing or proposed aircraft. 
These estimates have been compared with measured data from rocket-model 
tests to indicate the applicability of the design charts for preliminary 
design purposes. 

The geometry, pertinent wing-control parameters, and sources of pub- 
lished data for each of the test vehicles are listed in table I. 

An index to the figures which shows the effects of the major geometric 
variables on the rolling effectiveness has been included as table II. 


SYMBOLS 


A 


aspect ratio 



b 


diameter of circle swept by wing tips, ft 
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Cl 


h 


rolling -moment coefficient 

wing chord, parallel to model center line, ft 

Cr + c+ 

mean exposed wing chord, , ft 

wing thickness at trailing edge, ft 


Ka 



(^) 


Kc = 




^pb/2V' 


,/c.l 




= 


part -span aileron 


(c,/5) 


/ pb/2V\ 

V 5 / 


or 


Cz/5' 


part-spein control 


full-span control 


full -span aileron 


L 

M 

P 

R 


length of model fuselage, ft 

Mach nimiber 

rolling velocity, positive when right wing is moving downward, 
radians/sec 

dynamic pressure, Ib/sq ft 
Reynolds number 
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s 

area of two wings to model center line^ sq ft 

t 

wing local maximum thickness, ft 

V 

velocity^ ft /sec 

X 

distance from model nose to quarter-chord point of c, ft 

y 

distance from model center line^ measured in a plane perpen- 
dicular to model center line, ft 

pb/2V 

rolling-effectiveness parameter (wing-tip helix angle), radians 

pb/2V 

5 

rolling-effectiveness parameter [not V radians/deg 

V 66/ 

6 

average aileron deflection for one wing in a plane parallel 
to model center line, positive for trailing edge up on right 
wing, deg 


A 

angle of sweephack of quarter-chord line, except where noted, 
deg 

A 

ratio of tip chord to chord at model center line 

9 

trailing-edge angle, defined as the angle measured in a plane 
parallel to model center line between straight lines drawn 
between 0.97 chord and 1.00 chord on upper and lower 
surfaces, deg 


Subscripts: 


a 

aileron 

i 

inboard 

o 

outboard 

R 

rigid-wing rolling effectiveness 

r 

wing-fuselage intersection 


t 


wing tip 
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MODELS 


A general arrangement of typical test vehicles is illustrated in 
figure 1. The geometry, pertinent wing-control parameters, and sources 
of the published data for each of the test vehicles are listed in table I. 
More detailed information regarding most of the models can be obtained 
from the appropriate references. The airfoil sections for all models, 
except where specifically noted in table I, were taken in a direction 
parallel to the model center line. All the models had constant percent- 
chord ailerons. It may be noted in table I that in some cases the 

trailing-edge angle varies between models having the same airfoil section. 
This variation generally arises from the hand-finishing operations near 
the extreme trailing edge during model construction. 

A few of the models (2, 4, 6, 8, 85 , 85 , 89 , and 93 ) having a sim- 
plified construction were used in order to provide additional data on 
the effects of wing aspect ratio and aileron- chord ratio . A typical 
model of this series (model 89 ) is shown in figure 2. The wings of this 
series were made of l/2-inch-thick aluminum alloy and had wedge-shaped 
leading edges extending to 0.20 chord. The dark spanwise strip near the 
trailing edge is the filled-in slot along the aileron hinge line^ the 
slot having been cut to allow bending the aileron to the desired deflec- 
tion. v7elded fittings were used to attach the wings to the rocket-motor 
case which also served as the fuselage . A tapered sleeve was used as a 
fairing behind the standard spinsonde head. 

In the investigation of the effects of wing location and number of 
\f±ngs on rolling effectiveness, the wings were located at a more forward 
position on the body and some of these models had a free-to-roll tail 
for directional stability. Each free-to-roll tail consisted of four fins 
and two ball-bearing assemblies lubricated with a special wide -temperature - 
range silicone grease. The photographs presented in figure 5 are typical 
of the sweptback configurations. 


TEST TECHNIQUE 


The flight tests were made at the Langley Pilotless Aircraft Research 
Station at Wallops Island, Va. The test vehicles were propelled by a two- 
stage rocket -propuls ion system to a maximum Mach number of approximately 
1.6 to 1.8 in about 3 seconds. During the following 10 to 20 seconds of 
coasting flight, time histories of the rolling velocity measured in zero- 
lift flight were obtained with special radio equipment (designated 
spinsonde; see ref. 34), the flight-path velocity was obtained through 
the use of CW Doppler radar, and the model space coordinates were obtained 
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through the use of modified SCR 584 tracking radar. These data, in con- 
iunction with atmospheric data obtained with radiosondes, permit the 
evaluation of the rolling effectiveness in terms of the parameter ph/2V 
as a function of Mach number. The variation of Reynolds number and 
dynamic pressure with Mach number is presented in figure 4. 


ACCURACY AED CORRECTIONS 
General Discussion 


During the course of a general investigation of rolling effectiveness 
which has been conducted by the Langley Pilotless Aircraft Research ^ 
Division for the past 8 years, many changes have been made in the design 
and construction of the test vehicles and in the testing technique in 
order to improve the accuracy and reliability of the data. ^ As a result, 
the data have been corrected to a standardized set of conditions to allow 
direct comparison of the data obtained at various stages in the evolution 
of the present technique. 


The rolling -effectiveness data were obtained under essentially zero 
lift conditions and have been corrected to rigid-wing values and are pre 

seated in terns of the parameter where ph/2V results from the 


aileron deflection 


5 


and should not be confused with 


8(pb/2V) 

d8 


Accuracy 

The following factors must he considered in the assessment of the 
overall prohahle accuracy of the data presented here. 

(1) The accuracy of measurement of pb/2V at a given Mach number 
for any given test model is dependent upon the following values. 

„ ± 0.01 

p, radians/sec ±5*0 

Negligible error 

The maximum probable error in pb/2V from these sources is estimated 
to be ±0.0020 at subsonic speeds and ±0.0010 at supersonic speeds. 

(2) The systemmatic errors caused by deviations from the desired 
model geometry, a result of constructional tolerances which can alter 
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the roll effectiveness, normally are limited to variations in aileron 
deflection and wing alinement . The method of model measurement used is 
capable of measuring the angular deviation to within approximately 

± Q , »QQQ3 degrees per foot of wing or aileron chord. The accuracy of meas- 
Chord 

urement for a typical model (model 28) can he illustrated as follows: 

6 (average of models 28a, h, and c) = 5.22^ ± 0.071^ 
i^ (not published, average of models 28a, b, and c) = 0.02^ ± 0.0l8^ 

where i^ is the average angle of wing misalinement (differential inci- 
dence), positive when tending to roll the model in a clockwise direction 
as seen from the rear, and is based upon distance from leading edge to 
aileron hinge line (0.^72 foot). 


Corrections 

Incidence .- The data were corrected for deviations in wing incidence 
from the nominal value of ± q ^ = 0^ by use of the following equation 
which was derived by using very simple aerodynamic assumptions: 


pb _ 1 -h 2A 

2V 57.3 1 + 3A 


The validity of this correction was demonstrated in reference 21 wherein 
it is shown that this simple formula provides good estimates of pb/2V 
resulting from differential incidence for a wide range of wing plan forms. 
It is estimated from the data published in reference 21 and additional 
unpublished data that the probable accuracy of prediction of this formula 
is within ±15 percent for post configurations. (Relatively thick unswept 
wings, NACA 65AOO9, show an abrupt discontinuity in the variation of pb/2V 
with M at M ~ 0.92 which is not predicted by the theory.) 


Aileron deflection.- Corrections for deviations in 

pb/2V 
S 


6 were made 


simply by presenting the data as 


As an example, the probable errors in 


PI3/2V 


for model 28 resulting 


from the previously mentioned limitations are tabulated as follows: 
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pb/2V 

6 

nominal 

pb/2V 

Sources of probable error in — r — 

0 

M 




Total 


Random 

deg 

Measiirement 

Calculated correction 
(a) 

0.8 

0.020ij-0 

+0.00056 

+0.00028 

+0.00009 

+0.00001 

+0.00074 

1.1<- 

0.00510 

±0.00018 

±0.00007 

±0.00009 

±0.00001 

±0.00035 


^Estimated at ±15 percent of theoretical correction. 


Aeroelasticity corrections.- It was necessary to correct all the 
data for the effects of aeroelasticity, and the large number of models 
which were tested precluded the use of very refined methods of aeroelastic 
analysis. For this reason, a special engineering method was developed 
and is presented in reference 25. The probable errors in the values 

P^/2V resulting from th^ application of this method are very difficult 
5 

to assess and are dependent upon a large number of variables. Unless 
otherwise specified, it is believed that errors from this source are neg- 
ligible as the test wings in most instances were very stiff and needed 
a relatively small correction. 

Effect of model roll inertia.- For one-degree-of -freedom configiira- 
tions such as the rolling-effectiveness models of this report, the equa- 
tion governing their behavior is 




^p 2V 




• dp 
qS'b dt 


or 


^pb\ 

/ steady state 




dp 


C? qS'b 


dt 
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where 


C, = 


Rolling moment 
qS'l 


Q _ _ '' 

d(ph/2V) 

dC, 

2 

measured model moment of inertia about roll axis, slug -ft 

p 

S' area of three wings to model center line, 

t time, sec 

See the section on "SYMBOLS" for additional definitions. 

The data for a model with large rolling accelerations (model 27a) 
have been corrected for roll inertia effects and the results are shown in 

figiire 5. Physical constants for the model were = 0.0697 slug-ft^, 

b = 2.18 ft, and S' =1.93 ft^; and Ci values for this configuration 

P 

were obtained from reference 55* The maximum rolling acceleration for 
the model was 175 radians/sec^. 

Figure 5 shows that the differences between measxxred rolling effec- 
tiveness and steady-state rolling effectiveness are negligible for this 
model despite the very large values of rolling acceleration. Very few 
of the models in this report have rolling-acceleration values even 
approaching those for model 27 a^ and no inertia corrections have been 
made to any of the data presented in this report. 


DISCUSSION OF RESULTS 
Effect of Trailing-Edge Angle 


General comments .- Aileron rolling effectiveness is affected by the 
contour of the entire wing, and particularly the contovu: over the aileron. 
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Thus, two ailerons differing widely in contour hut having the same 
trailing-edge angles may have different values of rolling effectiveness. 

It was shown in reference 20 that the rolling effectiveness of 
untapered wings with 0° and ^5° sweephack and employing full-exposed- span 
ailerons could he correlated as a function of the trailing-edge angle for 
a wide range of airfoil profiles and thicknesses. In general, the corre- 
lation was good hut the scatter of the data indicated that the trailing- 
edge angle was not the only variable; however, it was obvious that it 
was a very important factor. Since that initial effort, several attempts 
have been made to improve the correlation by making use of the transonic 
similarity laws. The pb/2V values were plotted against parameters con- 
taining various combinations of airfoil thickness ratio and trailing- 
edge angle at constant Mach nvimber and constant parameters containing 
Mach number, airfoil thickness ratio, and trailing-edge angle in com- 
bination. None of these attempts provided any marked improvement over 
the original correlation against trailing-edge angle in reference 20 and, 
in addition, they were much more complicated to use . 

Figtire 6 presents the rolling-effectiveness data correlated against 
trailing-edge angle and includes some additional data not available at 
the time of publication of reference 20. In addition, an improved method 
of correcting for the effects of aeroelasticity was used (ref. 25 ) which 
primarily affected the data for the sweptback wings. 

Unswept wings .- For unswept wings it is apparent that trailing-edge 
angle has the greatest effect in the speed range between M » 0.8 to 
M*»1.2. At M«0.7 and M « 1.2 the rolling effectiveness does not 
vary markedly with cp. In the transonic range there is considerable 
scatter and the only clear indication is that a small trailing-edge angle 
(approximately 7° or less) maintains rolling effectiveness throxighout the 
speed range and that larger trailing-edge angles exhibit varying amounts 
of rolling-effectiveness loss or even reversal of control. There is an 
indication, although not shown as such in figure 6, that the 6-percent- 
thick wings appear to have generaJJLy higher rolling effectiveness than 
thicker wings of about the same trailing-edge angle . In view of the 
scatter of the data and the relatively small number of thickness ratios 
for comparison at a given trailing-edge angle, it is not clear whether 
a differentiation between various thickness ratios should be made, and 
so the trailing-edge angle has been the sole variable considered in fairing 
the data points. 

Sweptback wings .- For wings swept back 45°, there was generally less 
scatter than for the imswept wings and the effects of trailing-edge angle 
were evident at a lower subsonic Mach number. No direct data are available 
for very low trailing-edge angles on a wing having the aspect ratio of the 
wings used in this correlation (A = 5-7l)j tut flat-plate data (cp = 0°) 
for aspect ratios of 2.51 and 8.00 (models 6 and 89 ) have been interpolated 
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to provide an estimated end point to aid in fairing the measured data 
to cp = 0°. The faired curve in the region near cp = 0° is presented 
as a dashed line to indicate that it is essentially an extrapolation of 
the data. 

Effect of airfoil thickness ratio .- Althoiagh it is evident that 
trailing -edge angle is a major factor in determining the level of rolling 
effectiveness for an aileron, it is also of interest to note the effects 
of changing the thickness ratio for a given family of airfoils . Such a 
change necessarily involves a corresponding change in trailing -edge angle 
so that it is not possihle to determine the effects of thickness ratio 
divorced from the effects of trailing-edge angle without altering the 
basic profile of the family. Figure 7 presents a comparison of the 
rolling-effectiveness data for wings having several thickness ratios, 
aspect ratios, and plaji forms. 

Concluding comment .- The preceding discussion indicates that the 
trailing-edge angle of an aileron is a parameter of prime importance 6ind 
most of the undesirable characteristics of increased trailing-edge angle, 
such as abrupt changes in pb/2V with M and unusually large losses in 
rolling effectiveness, can be avoided by employing ailerons with trailing- 
edge angles of cp ^ 7° for A = 0° wings and cp = 12° for A = 45° wings. 
In actuality, most of the high-speed aircraft which are designed to fly 
at the speeds where large trailing-edge angles are to be avoided should 
experience little or no trouble from this source because drag consider- 
ations preclude the use of thick wings (which wo\ild normally have large 
trailing-edge angles). 


Effect of Wing Sweepback 

Figiare 8 presents some effects of wing sweepback on aileron rolling 
effectiveness for a variety of test conf igxurations employing f\ill-exposed- 
span ailerons. 

At subsonic speeds, increased sweepback generally resulted in 
decreased rolling effectiveness. 

At transonic speeds, the most significant effect of increased sweep- 

back was the smoothing effect on the variation of with Mach num- 

o 

ber. The rolling-effectiveness "bucket," characteristic of unswept wings 
at transonic speeds with moderate trailing-edge angles, was virtually 
eliminated as the sweepback was increased to 45° and disappeared com- 
pletely at 60 ° sweepback. 


12 


MCA EM L55F14 


At supersonic speeds^ increased sweepback did not cause a consistent 

variation of with change in sweephack angle: however, the general 

o 

tendency was a decreased rolling effectiveness with increased sweephack 
angle. 


Effect of Aileron Chord Ratio 


Some effects of aileron chord upon rolling effectiveness are shown 
in figure 9 for a wide range of wing plan forms and airfoil sections. 
Unless otherwise specified, the following discussion pertains to filLl- 
exposed-span ailerons. 


MCA 69AOO9 airfoil sections.- Figure 9(a) presents the effect of 


aileron chord as measured on unswept wings. 


The variation of 


ph/2V 

5 


with Mach number for all the aileron conf igiirations is characterized by 
an abrupt dip near M « 0.9* This is a wing dropping phenomenon which 
on the basis of past experience is restricted primarily to unswept wings 
employing trailing-edge angles greater than cp « 7° and thickness ratios 
greater than t/c « O.06. (See refs. 20 and 56.) Aerodynamic control 
reversal was measured for the 0.1-chord ailerons in this region. It 
shovild be noted that a similar reversal of rolling effectiveness has been 
obtained for full-chord ailerons at a very small angle of deflection. 


( See ref . 21 . ) 


The values of 


pb/2V 

6 


presented in figure 9 were obtained 


from models on which the ailerons were deflected approxi m ately Other 

tests have shown that aerodynamic reversal may be eliminated by increasing 
the aileron deflection. (See ref. 10, for example.) 


Similar data for ^5° sweptback wings are presented in figure 9(b). 

The variation of with Cq^Ic is similar to that experienced by 

6 ' 

the unswept wings. 


MCA 69AOO6 airfoil sections .- The effect of aileron chord as meas- 
vired on tapered, sweptback wings is presented in figvires 9(c) to 9(f) for 
outboard ailerons of various spanwise extents. With the exception of the 
full-exposed- span ailerons, the data for the full-chord ailerons (figs. 9(d) 
9(e), and 9(f)) were obtained for ailerons of different spanwise extents 
than the partial-chord ailerons. 

The 0.15-chord ailerons were approximately 60 percent as effective 
as the 0.30-chord ailerons for the two aileron configurations of greater 
span (figs. 9(c) and 9(d)) but became relatively more effective for the 
smaller spans (figs. 9(e) and 9 (f))- 
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It may be of interest to note that, with the exception of the abrupt 
dip in effectiveness at M « 0,9 for the xuiswept wings (fig. 9(a)), all 
the full-chord ailerons exhibited very little variation of effectiveness 
with Mach number. 

Flat plate airfoil sections .- Figures 9(s) lo ^(j) present some data 
which show the effects of aileron chord upon rolling effectiveness for 
several wings all of which employed flat-plate airfoil sections (9 = 0°), 
The effect of aileron chord was approximately the same for all the models 
in that the 0.2- chord ailerons were approximately 75 to 85 percent as 
effective as the 0.4-chord ailerons at subsonic speeds with the relative 
effectiveness decreasing with increasing Mach number until at M = 1.6, 
the 0.2-chord ailerons were approximately 50 percent as effective as the 
0.4-chord ailerons. 


Correlation of data .- Where data are available for both part-chord 
and full-chord controls of the same span (figs. 9(a) to 9 (f)), the part- 

— have been divided by the full-chord 
5 5 


chord 


and plotted 


as Kp at the appropriate c^/c value in figure 10 to illustrate non- 

dimenslonally the effects of aileron-chord ratio on rolling effectiveness. 
Because of the scatter and the relatively small number of tests available, 
only the theoretical two-dimensional curves for thin plates are shown 
for comparison with the test points. 


The 0.1-chord ailerons on the imswept wings exhibited control reversal 
at M = 0.9 and zero effectiveness at M = O.93. At M = 0. 96, no con- 
trol reversal was observed but all of the unswept wing-aileron configu- 
rations were appreciably less effective than the comparable swept-wing 
models. Fig\ire 6 shows that the effectiveness of 0,2-chord ailerons can 
be greatly increased in this speed range by recourse to smaller trailing- 
edge angles. Althoiogh no direct evidence is available for 0.1-chord con- 
trols, there is no reason to suspect that a similar improvement could not 
be achieved on these controls by the use of small trailing-edge angles. 

It should be pointed out that swept wings with part -chord ailerons exhibit 


low 


pb/2V 

5 


values for large trailing-edge angles in this same speed range. 


( See ref . 20 . ) 


Effect of Aspect Ratio 

The effect of wing aspect ratio upon the rolling effectiveness of 
full-span ailerons is illustrated in figure 11 for untapered wings having 
sweepback angles of 0°, 45°, and 60° and several airfoil sections. Only 
two configurations (fig. 11 (a)) have been tested which show the effect 
of aspect ratio upon 60° sweptback wings; these data do not conform with 
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the trend shown by the wings of lower sweep but show that Increased aspect 

ratio caused an increase in at subsonic speeds and a very slight 

5 

decrease at supersonic speeds. 

Correlation of data.- In order to illustrate better the effects of 
aspect ratio, the data of figure 11 have been normalized as a fraction of 
the A = 5.7 values, and the resulting values of K^, the normalized 

aspect-ratio factor, are cross-plotted against aspect ratio in figure 12 . 

It is obvious that, although the general trend of the data is for the 
rolling effectiveness to decrease with increasing aspect ratio, consid- 
erable variation exists in the rate of change of the variation as is 
evidenced by comparison of the faired curves of the various test 
configurations . 

At Mach numbers of 0.9 und greater, the effect of aspect ratio 
depends upon the configuration. For example, at M = 0.9, the rolling 
effectiveness of the unswept wings decreased rapidly with increasing 
aspect ratio, whereas the sweptback wings showed little effect of 
aspect ratio. The aileron trailing-edge angle had considerable effect 
in that for a given sweepback angle there was greater sensitivity to 
changes in aspect ratio for the larger trailing-edge angles. 

No plots are shown for the region between M «= 0.92 and M » O.98 
because of the rapid variation of with Mach number in this region. 

Any plots of % against aspect ratio at these speeds wo\ild at best have 
doubtful value . 

General discussion.- It is evident from the foregoing discussion 
that the variation of rolling effectiveness with aspect ratio is very com- 
plex nnd is dependent upon a number of variables of which Mach number and 
trailing-edge angle are of great importance. However, it is possible to 
generalize to some extent. With certain exceptions. Increased aspect 
ratio apparently causes a decrease in rolling effectiveness. At transonic 
speeds the effect is very variable and is influenced to a large extent by 
the trailing-edge angle . Increased aspect ratio tends to decrease rolling 
f ect ivene ss more at supersonic than at subsonic speeds. 


Effect of Aileron Location 

Some effects of aileron location and spanwise extent upon aileron 
j>oiiing effectiveness are presented in figure 13 for a variety of wing- 
aileron configurations. 


NACA EM L55F14 


15 


NACA 6^A006 airfoil sections .- Figures 15(b), 15(c), and 15(d) show 
the rolling effectiveness of various ailerons (including full-chord 
ailerons) on sweptback wings having MCA 65AOO6 airfoil sections. Gen- 
erally, the outboard hahf -exposed- span ailerons were from one-half to 
two-thirds as effective as the full-exposed-span ailerons . An inboard 
aileron was generally more effective than an outboard aileron of the 
same span at subsonic and transonic speeds, but the results were mixed 
at supersonic speeds. Although all the part -chord ailerons showed 
decreased effectiveness as the speed increased, the full-chord ailerons 
had essentially constant effectiveness throughout the speed range tested. 

MCA 65AOO9 airfoil sections .- Figure 15(3-) shows that on the unswept 
wing the outboard half -exposed-span control was more effective than the 
inboard half -exposed- span control, whereas on the sweptback wing the 
reverse is true. The outboard control was generally more than one -half 
as effective as the full -exposed-span control for the unswept wing, but 
about one -half as effective for the sweptback wing. 

MCA 65iA 012 airfoil sections.- Figure 15(e) shows that the outboard 

half -exposed- span ailerons were more effective than the inboard half- 
exposed-span ailerons at subsonic speeds for both taper ratios. At speeds 
greater than M = 1.0, all the configurations had poor control character- 
istics, particularly near M = 1.2 where the controls were either com- 
pletely ineffective or control reversal was observed. 

Miscellaneous airfoil sections .- Several miscellaneous wing-aileron 
configurations having full-chord ailerons are presented in figure 15 (f). 
These data, except for model 56, show a relatively constant rolling effec- 
tiveness throughout the speed range tested. 

Comparison between experimental and estimated values .- Reference 57 
presents a method for estimating the effect of aileron spanwise location 
on rolling effectiveness for iinswept wings having various aspect ratios 
and taper ratios at low subsonic speeds, and reference ^8 compares the 
results shown in reference 57 with experimental data for swept wings 
presents a design chart based on the comparison. It is shown that aspect 
ratio has little effect on the spanwise variation of rolling-moment coef- 
ficient and that the effect of taper ratio is not of major importance. 
Figure l4 shows the design chart of reference 58 in nondimens ional form 
which was obtained by dividing the value of Cj/Zkt (equivalent to C^/6 

in the notation of the present report) at any span station by the full- 
span value . 

The quantity of rocket-model data in figures 15(a), 15(b), 15(c), 
15 (d), and 15 (f) is not considered to be sufficient to establish a gen- 
eral plot of the variation of rolling effectiveness with control spanwise 
location, so the data from figure 13 are compared in figure l 4 with the 
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normalized design chart taken from reference 58 - The comparisons in 
figxire have heen made at two representative Mach nvimbers and are in 
reasonahly good agreement; the data of figure 13(e) (A = 8 .O) have not 
heen included at M = 1.4 because of the poor control characteristics 
at this speed. 

The data of figure 13 were normalized according to the procedure 



pb/2V 

1.0 

1.0 ^ 

’ll 

pb/2V 

1.0 

6 



where K appearing on the right-hand side of the eq\iation is the value 
for a f\iU-exposed-span control from figure l4. The values of thus 

obtained for outboard ailerons = 1.0^ are plotted as data points on 
figTore l4 at the appropriate value of ti^. The experimental values 

for inboard ailerons are not shown in figure l4^ but they agree fairly 
well with estimated values from figure l4. 


Effects of Wing-Tail Interference, Wing 
Location, and Nimiber of Wings 

General discussion.— All the data thus far discussed were obtained 
•by the use of three -winged test vehicles which do not resemble typical 
airplane configurations. Some uncertainties exist regarding the appli- 
cation of these data to conventional aircraft. In order to partially 
clarify this situation, a limited investigation has been conducted to 
determine some effects upon aileron rolling effectiveness of wing-tail 
interference, wing location on the fuselage, and the number of wings. 

Wing -tail Interference . - In order to determine some effects of wing- 
tail interference upon the aileron rolling effectiveness at zero lift, an 
investigation employing five test models was conducted. The test models 
were constructed with two wings, instead of the usual three, in order to 
approximate an airplane-type configuration. (See fig. 3(t).) Two of 
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these models employed free-to-roll tail assemblies (models and 58) 
which provided directional stability without introducing rolling moments. 
Benv-h tests of these free-to-roll tails, under simulated drag loads sev- 
eral magnitudes greater than those estimated for flight conditions, showed 
friction forces corresponding to a rolling moment of 0.I7 ft-lb which is 
negligible when compared with the 40 to 50 ft-lb damping moment of the 
test wings. A more complete description of the test models with free-to- 
roll tails is given in reference 53- Figure I5 shows the results obtained 
with these models. 

Inboard ailerons: Figure 15(a) shows that fixing the tail for inboard 

ailerons resulted in a considerable decrease in rolling effectiveness. 

The change in rolling effectiveness due to the fixed tail was approxi- 
mately constant throughout the speed range tested and was enough to cause 
a slight roll reversal at speeds greater than M 1.3* Whether this 
condition exists for other aileron deflections and tail fore-and-aft 
locations is not known at this time. Changing the location of the fixed 
tail from the plane of the wings to 0.l8c above the plane of the wings 
had little effect on the fixed-tail rolling effectiveness. 

Outboard ailerons; Figure 15(b) shows that fixing the tail did not 
cause any appreciable change in the rolling effectiveness of the outboard 
aileron at all speeds for which data are available. 

General discussion: It is apparent from the limited data presented 

here that the rolling effectiveness of inboard ailerons is markedly 
affected by the fixed- tail assembly. Reference 55 shows that the addi- 
tional damping in roll due to the addition of the fixed-tail assembly 
caused a decrease of about I5 percent in the rolling effectiveness at 
all speeds, a value which is outweighed by the large losses resulting 
when the aileron-generated downwash strikes the fixed tail. Reference 55 
shows that the effects of the downwash coiild be estimated with fairly 
good accuracy by simple theoretical means. 

Effect of wing location and number of wings .- Figure 16 shows the 
effects on rolling effectiveness of locating the wings at a more forward 
position on the fuselage and reducing the number of wings from three to 
two. All the wings were untapered, had MCA 65AOO9 airfoil sections, 
and 0.20-chord ailerons. The effects of wing forward location and num- 
ber of wings were not appreciable except for the unswept wings at sub- 
sonic and transonic speeds (see fig. 16 (a)) where any physical modifi- 
cation to the standard model (three wings aft) generally caused a decrease 
in rolling effectiveness. 
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ADDITIONAL TESTS 


References 1 to 55 contain additional aileron rolling-effectiveness 
data not considered appropriate for inclusion in the present report. The 
type of investigation and corresponding references are listed as follows : 


Type of investigation 

Reference 

Aeroelastic effects 

16, 18, 19, 22, 25, 
24, 25, 26, 28, 52 

Delta wings 

5, 12, 24 

Leading-edge and trailing-edge 

ailerons in combination 

6 

Effects of aileron chord extension 

10 

Effects of airfoil nose shape 

15 

Horn-balanced ailerons 

14 

Wing-tip ailerons 

17, 30 

Effects of wing leading-edge roughness .... 

27 

Interference between ailerons and 

30 


Bellows-actioated ailerons 

31 

Effects of built-in wing twist 

32 


SPECIFIC WING-AILERON CONFIGURATIONS 
Comparison Between Measured and Estimated Values 


A number of models simulating existing or proposed airplane wing- 
aileron configurations without fixed tails did not fit handily into the 
basic data plots showing the effects of aspect ratio, trailing-edge 
angle, and so forth, and these special models have been included in 
figure 17. It was felt that these special models would provide some 
indication of the applicability of the preliminary design charts (figs. 6, 
10, 12, and l4) . 

In estimating the rolling effectiveness of a given conf igioration, it 
was assumed that the roUirg effectiveness could be approximated by con- 
sidering only six major variables: (l) aileron trailing-edge angle, and 

(2) sweepback at the hinge line, figure 6; (5) ratio of aileron chord to 
wing chord, figure 10; (4) wing aspect ratio, figure 12; and (5) spanwise 
extent, and (6) location of aileron, figure l4. No consideration was 
given to the effects of wing location on the body, number of wings, and 
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so forth. No consideration was given to the effects of wing taper ratio, 
other than the use of the hinge line for the reference sweephack angle 
when using figure 6. 

As shown in figure YJ, the agreement between the measured rolling 
effectiveness and the estimated rolling effectiveness (from figs. 6, 10, 
12, and ll4-) is fair on the whole. 


Method Used in Estimation 

For the purpose of estimating the rolling effectiveness, it is 
assumed that the rolling effectiveness for any conf igirration may be 
expressed as the rolling effectiveness for some arbitrary reference con- 
figuration with the proper corrections applied to account for deviations 
from the geometry of the reference configuration. In the present case, 
the reference configuration geometiy is given in the legend of figure 6. 

In order to indicate the procedure used in estimating the rolling 
effectiveness from figures 6, 10, 12, and l4 for a given conf igiiration, 
a sample calculation is shown as follows for model 99 a.t M = 1.00: 


A = 2.8 

A = 58 * 5 ° (hinge line, calculated) 

cp = 11.6° 

71. = 0.4l 

= 0.75 

c„ 

= 0.23 

c ^ 


pb/2V 

5 



KaKti 7 ^ 
^ref 


where 



is the rolling effectiveness for 


ration having 38 * 5 ° sweepback at the hinge line and 
angle, using straight-line interpolation for effect 


reference configu- 

11.6° trailing-edge 
of hinge -line sweepback 
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0.0116 


(interpolated from fig. 6 (f)) 


K. 


Kc 


Jc=0.25 




'ref 




^/c=0 


= 0.20 


= 1.15 


(from M > 1.0 theory curve^ fig. 10(f)) 


= 1.12 (from A = curve, fig. 12) 


= 0.76 - 0.24 
= 0.52 


(from 


51 . 3 ° curve, fig. 



therefore. 


= (o.0116)(1.12)(0.52)(1.15) 
5 

= 0.0078 

CONCLUDING REMARKS 


A collection and summary is presented of the wing-aileron rolling- 
f 0 ctiveness data which have heen obtained with each aileron differ- 
entially deflected 3 ° to 7 ° during a general investigation of lateral 
control being conducted by the Langley Pilotless Aircraft Research Division. 
Some effects of trailing-edge angle, aileron chord ratio, spanwise extent 
nnri location of aileron, aspect ratio, wing sweepback, and wing-tail inter- 
ference are presented. The quantity of data which has been obtained in 
each of these categories varies considerably. 
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It is felt that the effects of some parameters, such as aileron 
trailing-edge ajagle, are fairly well defined, whereas others, such as 
wing-tall interference, are not satisfactorily defined. 

Rough design charts have been prepared to show some effects of 
aileron trailing-edge angle at two sweepback angles, aileron chord ratio, 
^•llsron span and spanwlse location, and wing aspect ratio. These rough 
design charts have been prepared for use in the preliminary design stage, 
and estimates have been made from these charts for thirteen wing-aileron 
configurations (without fixed tails) simulating existing or proposed air- 
craft wing-aileron combinations. The estimated values were in fair agree- 
ment with measured rocket -model data. 

These design charts should be used with caution when the configuration 
has a fixed tall assembly, since the limited data available indicate that 
in some cases the wing-tail Interference appreciably affects the aileron 
rolling power. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., June 8, 1955. 
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TABLE I 

WING CONTROL CONFIGURATIONS 


Configuration Model- 


Wing Parameters 


fded 


Airfoil section 


b/2 

(ft) 


ct 

(ft) 


(ft)|(f 


k 


Control 

Parameters 




8 


L 


Refa 




0.7 


80 

LE 


3.5° 




' Mod. Hexoaonol ' 
L£.radius = OOOIc 
h/c = 001 
t/5=0.02 


0.80 


3.37 


3.65 


I.OC026 


1.0 


2.0 


0.67 


0.73 


2.3 


j; — Wedge 

rmnnnnznnn 


to 0 2c 


Const, thick. toTE.—' 
t/c=0.054 


.88 


.77 


.77 


1.36 


,20 


15 


1.0 


4.59 


84 


NACA 65A009 


r — Wedge to 0 .2c 


.24 


1.0 


11.5 


5.00 


85 


2,28 


.40 


.15 


.0 


4.90 


84 


t/c =0.054 


2.3 


30 


1.0 


NACA 65A009 


.88 


.77 


.77 


1.36 


.20 


24 


.0 


10.5 

107 


484 

4.69 


82 


2^ 


2.3 


45 


1.0 


t/c=0.054_ 


.88 


.77 


.77 


.36 


.20 


.15 


1.0 


5.00 


91 


NACA 65A009 


^^^77777 


Wedge to 0 2c. 


1^ZZZZ2ZZZZ^ 
Const, thick. toTB-^ 
t/c =0.054 


.24 


1.0 


11.7 

12.3 


5.27 

5.05 


81 


28 


40 


.15 


1.0 


495 


91 


9 b 
c 


2.3 


60 


1.0 


NACA 65A009 


.88 


77 


.77 


1.36 


20 


24 


1.0 


10.9 

1.2 

1.4 


5.09 

2.38 

2.38 


.84 




10 


2.3 


60 

L.E, 


NACA 65A006 


98 


1.34 


1.68 


1.00 


.65 


76 


80 


4.82 


.86 


492 




76° 15.2° 

L.E.rodius; Wing O Olc 
Aileron 0.05c 
t/c =0.06 


.74 


1.0 


4.8 


49 


5.19 


7.65 


12 


12 


12 


2.9 


1.0 


NACA 65A009 


.98 


.68 


.68 


1.32 


.20 


21 


1.0 


9.5 


477 


85 


28 




2.9 


45 


1.0 


NACA 65A009 


.98 


68 


.68 


1.32 


.20 


.21 


1.0 


10.4 4.88 


80 


28 


14 


3.7 


1.0 


NACA 65A009 


1.09 


.59 


.59 


1.29 


.10 


.19 


1.0 


10.9 


4.0C 


.89 


(a) Section is taken freestream unless noted otherwise. 
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TABLE I- CONTINUED 


WING CONTROL CONFIGURATIONS 



(a) Section is taken freestreom unless noted otherwise. 
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TABLE I - CONTINUED 
WING CONTROL CONFIGURATIONS 



(b) 3 wings, free-to-roll tail. 
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TABLE I- CONTINUED 
WING CONTROL CONFIGURATIONS 



(b) 3 wings, free-to-roll tail. 

(c) 2 wings,, free-to-roll tail. 

(d) 2 wings, fixed-tail, horizontal tail in wing chord plane. 

(e) 2 wings, fixed-tail, horizontal tail 0.1^ above wing chord plane. 
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TABLE I.- CONTINUED 
WING CONTROL CONFIGURATIONS 


Configuration 


Wing Parameters 

Control 

Parameters 

X 

Refs. 


A 

A 

lde<j 

X 

Airfoil section 
(a) 

b/2 

(ft) 

Cf 

(ft) 

(ft) 

(f^ 

<=0 

c 


’'o 

4 > 

ide(j 

1 s 

ftJefl 

L 

// 

a 

73 

b 

4.0 

45 

.60 

NACA 65A006 

1.50 

.56 

.88 

225 

.30 

.57 

1.0 

7.2 

7.7 

3.83 

3.78 

.74 

22,25 

// 

74 


f 

















.78 

1.0 

70 

3.63 



22 

// 

75 

















.14 

.57 

7.4 

3.71 



22,25 


76 

















.35 

.57 

73 

3.74 



22 


77 















1.0 

.14 

1.0 

72 

1.41 



32 


78 















.49 

1.0 

8.6 

1.63 



32 

/7 

79 

















.70 

1.0 

8.5 

2.77 



32 

/7 

80 

i 
















92 

1.0 

8.3 

4.75 



32 

A 

81 

4.0 

45 

L.E. 

0 

NACA 65A006 

1.23 

0 

1.02 

1.51 

1.0 

.17 

1.0 

9.0 

0.74 

.89 

21 


(a) Section is token freestreom unless noted otherwise. 
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WING CONTROL CONFIGURATIONS 



NACA RM L3'?Flk 


55 


TABLE I CONTINUED 


WING CONTROL CONFIGURATIONS 
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TABLE I - CONCLUDED 
WING CONTROL CONFIGURATIONS 


Configuration 

Model 

Wing Parameters 

Control 

Parameters 

X 

L 

Refs 


A 

A 

(6e^ 

X 

Airfoil section 
(0) 

b/2 

(ft) 

""t 

(ft) 

Cr 

(ft) 

(f^ 

Cq 

c 



<!> 

s 

Wefl 

/7 

106 

40 

40 

.50 

10 percent circular arc 
normal to c/4 line 

1.17 

.39 

.71 

1.36 

.20 

.50 

1.0 

8.1 

4.11 

.80 

10 

/]• 

107 

5.7 

20 

.45 

NACA 64^|qjA 0II normal 
to 38-percent-chord 
line at root. 

NACA 64(00) A00828 
normal to 38-percent- 
chord line at tip ( f ). 

1.39 

(g) 

.30 

.62 

1.36 

.18 

.70 

1.04 

10.7 

9.78 

.60 

25,26 

/7 

108 

3.4 

47 

.44 



1.096 

(g) 

.40 

.80 

1.42 

•t6 

.62 

lOQ 

10.7 

8.13 



25,26 


109 

2.1 

59 

.43 



.88 

(g) 

.51 

1.04 

1.52 

.15 

.60 

.95 

6.8 

6.10 



25,26 



















(a) Section is token freestreom unless noted otherwise. 

(c) 2 wings, free-to-roll toil. 

(f) Variable wing sweepback configuration. Wing pivots about axis normal to wing chord 


plane at intersection of fuselage and 38-percent-chord line, 
(g) To tip at 38-percent-chord line. 
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angles. 


56 


NACA RM L55F14 





(a) Model 28. A = 5-7; A = 0°-, A = 1.0. 


L-67857.1 


Figure 1.- General arrangement of typical test vehicles. All dimensions 

are in inches. 
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(b) Model 71. A = k.O; A = 45°; A = O.6O. 
Figure 1.- Continued. 


L-75025.1 
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(c) Model 88. A = 8.0; A = ^ “ 1.0. 

Figure 1.- Concluded. 
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L-82789.1 

Figure 2.- Photographs showing typical construction for models 2, 4, 6, 

8 , 85 , 85 ^ 89 ^ and 95* All dimensions are in inches. 
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L-71131.1 

(a) Three wings with outboard half-span aileron for investigation of 
effects of wing location. Model 55* 

Figure 5.- Typical test vehicles for investigating the effects of wing 
location and wing- tail interference. All dimensions are in inches. 
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(b) 


L-75895.1 

Two wings with outboard half-span aileron with fixed tail for inves- 
tigation of effects of wing-tail interference. Model 55* 


Figure J.- Concluded. 
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(a) For all tests, the Reynolds number per foot R/c fell within the 
shaded band. The minimum c tested was approximately 0.4 foot. 

4X 10^ 



(b) For all tests, the dynamic pressure q fell within the shaded band 

Figure 4.- Variation of Reynolds nvimber and dynamic pressure with Mach 

number for all test vehicles. 
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Figure 5.- Effect of model roll inertia on rolling effectivenss. 

Model 27a. 
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(a) M = 0.70. 

Figure 6.- Variation of rolling-effectiveness parameter with 

6 

trailing- edge angle ’j). Unless otherwise indicated, average values 
are plotted where two or more nominally identical models were tested. 
A = 3*7> ^ = 1.0; Ca/c = 0.20; full-exposed-span ailerons = 0.19^ 

8 as 50 to 7° • Numbers in symbols denote model numbers. 
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(b) M = 0.80. 
Figure 6.- Continued 
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(c) M = 0.90. 
Figure 6.- Continued 
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(d) M = 0.93. 

Figure 6.- Continued 
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(e) M = 0 . 96 . 

Figure 6.- Continued 
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(f) M = 1.00. 
Figure 6.- Continued 
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(g) M = 1.20. 
Figure 6.- Continued 
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(h) M = 1.40. 
Figure 6.- Continued 
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(1) M = 1.60. 
Figure 6.- Concluded 
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(a) A = 5. 71- 

Figure 7.- Effect of airfoil thickness ratio on aileron rolling effective- 
ness. Numbers in parentheses denote model numbers. NACA 65AOXX air- 
foil sections. Ca/c = 0.20; A = 1.0; 6 » 3° to 7°. 
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(b) A = 5*0. 



(c) A = 8.0. 


Figiire 7*” Concluded 
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(a) A = 3*7» A = 1-0; NACA 65 AOO 6 airfoil sections; Ca/c = 0.20. 



(b) A = 4.0; A = 0.6; NACA 65 AOO 6 airfoil sections; Ca/c = O. 5 O. 

Figure 8 .- Some effects of wing sweepback on rolling effectiveness for 
full-exposed-span ailerons. Numbers in parentheses denote model niim- 
bers. 5 « 5° to 7°* 
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(c) A = 2.3; A = 1.0; NACA 65AOO9 airfoil sections; Ca/c = 0.20. 
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(d) A = 2.9; A = 1.0; NACA 65 AOO 9 airfoil sections; Ca/c = 0.20. 

Figure 8 .- Continued. 
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(e) A = 5.7; A = l.Oj NACA 65 AOO 9 airfoil sections; Ca/c = 0.20. 
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(f) A = 5 .O; A = 1.0; NACA 65 AOO 9 airfoil sections; Ca/c = 0.20 

Figure 8.- Continued. 
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— A= 0 °, i = 16.30 ( 52 ) 
-yt= k 3 °, i = 16.1^0 (51J 


/ pb/2V \ 

V“s- jp 



-.01 


(g) A = 5 . 7 *, A = 1.0; NACA 65iA012 airfoil sections; Ca/c = 0 


= 0 . 20 . 



(h) A = 5 . 7 ; A = 1.0; NACA 16-009 airfoil sections; Ca/c = 0.20. 

Figure 8.- Continued. 
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(l) A = 2.5> A = 1.0; flat-plate airfoil sections; c^/c = 0.20. 



(j) A = 2.5; A = 1.0; flat-plate airfoil sections; ca/c = 0.40 

Figure 8.- Concluded. 
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(a) A = 0°; A = 5«7> 4 = 1.0; MCA 65 AOO 9 airfoil sections; full- 

exposed-span aileron. 

Figure 9 .- Effect of aileron chord ratio Ca/c on rolling effectiveness. 
5 « 5^ to 7 ^^ except for Ca/c = 1.0. Numbers in parentheses denote 
model numbers. 
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(b) A = A = 3*7J ^ = 1.0; NACA 65 AOO 9 airfoil sections; full- 

exposed- span aileron. 



Figure 9 .- Continued. 
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(c) A 


I+50. = 4 .oj X = O.6O; NACA 65AOO6 airfoil sections; full- 

exposed-span aileron. 


Figure 9.- Continued 
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(d) A = 45 °; A = 4.0; A = O. 6 O; NACA 65 AOO 6 airfoil sections; outboard 

three -qiiarter- span aileron. 


Figure 9-- Continued 
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A = 45°; A = 4 . 0 j A = O.6O; NACA 65AOO6 

half- span aileron. 


n-f -r-Pn-! 1 




Figure 9 .- Continued. 
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(f) A = 45 °; A = U.O; A = O. 6 O; NACA 65 AOO 6 airfoil sections; outboard 

one-quart er-span aileron. 
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Figiire 9*~ Continued 
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(g) A = 0°; A = 2.5; A = 1.0; flat-plate airfoil sections (t/c = 0.05^). 


Figure 9»- Continued 
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(h) A = 0°; A * 5.O; A = 1.0; flat-plate airfoil sections (t/c = O.O 85 ). 

Figure 9*- Continued. 
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« 0.20, = 0° (85): 
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(i) A = 45 °; A = 2.5} A = 1.0; flat-plate airfoil sections (t/c = 0.054). 

Figure 9*- Continued. 
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8.0; A = 1.0; flat-plate airfoil sections (t/c = O.IO 8 ). 
Figure 9*- Concluded. 
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(a) M = 0.70. 



c 


(b) M = 0.80. 

Figure 10.- Variation of the effectiveness factor with aileron chord 

ratio. 6 » 5° to 7° except for Ca/c = 1.0. Numbers in symbols denote 
model niimbers. 
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(c) M = 0.90. 



(d) M = 0.95. 


Figure 10.- Continued 
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(e) M = 0 . 96 . 
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(f) M = 1.00. 
Figure 10.- Continued 
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(g) M = 1.20. 
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(h) M = l.lfO. 


Figure 10.- Continued 
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(i) M = 1.60. 
Figure 10.- Concluded. 
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-A = 2.3, jZ( = 12.po (7) 
'',-A = 2.9, 0 = 10.1(.o (13) 

= 5 . 7 » ^ = 11.7° ( 47 ) 

A = S.O, 0 = 11.8° (S6) 
A = 8.0, 0 = 10. QO (88) 
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(a) NACA 65 AOO 9 airfoil sections. Ca/c = 0.20. 

Figure 11.- Effect of aspect ratio on rolling effectiveness for full-span 
ailerons on untapered wings. 5 3° to 7 °. Numbers in parentheses 

denote model n\mibers. 
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(b) NACA 65]^A012 airfoil sections, c^/c = 0.20. 
Figure 11.- Continued. 
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(c) Modified flat-plate airfoil sections. 


Ca/c = 0.20. 


Figure 11.- Continued 
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(d) Modified flat-plate airfoil sections. Ca/c = 0.40. 


Figure 11.- Concluded 
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Figure 12.- Variation of the effectiveness factor with aspect ratio. 

6 «= 3° to 7°. Numbers in symbols denote model numbers. 
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Figure 12.- Concluded 
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(a) MCA 65 AOO 9 airfoil sections. A = 3 - 7 } A = 1.0; Ca/c = 0.20. 


Figure 15*- Variation of rolling effectiveness with Mach nximber for con- 
stant percent-chord ailerons located at various spanwlse positions. 

6 w 5° to 7 ° except for ca/c = 1.0. Numbers in parentheses denote 
model numbers. 
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(b) NACA 65 AOO 6 airfoil sections. A = A = 0.60,* A = 55 °; Cg^/c = O. 5 O. 
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(c) NACA 65 AOO 6 airfoil sections. A = 14-.0; A = 0.60j A = 45° 

Figure 15 .- Continued. 
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(d) NACA 65AOO6 airfoil sections. A = 4.0; A = O.6O; A = 45°; Ca/c = 1.0. 


Figure 15.- Continued 
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(e) MCA 65 iA 012 airfoil sections. A = 8.0; A = 45°» Ca/c = 0.20. 


Figure 15.- Continued 
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(f) Miscellaneous configurations. 


Ca/c = 1.0. 


Figiire 13.- Concluded 
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(a) M = 0.80. 

Figure 14.- Variation of the effectiveness factor with aileron span 

Numbers in symbols denote model numbers. 
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(b) M = 1.4. 
Figure l4.- Concluded. 
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Model 55 




Fixed tall 



(a) Inboard ailerons. 



(b) Outboard ailerons. 

Figure I 5 .- Some effects of wing-tail interference on rolling effective' 
ness for inboard and outboard ailerons. A = 3-7» ^ ~ 1.0; A = 

NACA 65 AOO 9 airfoil sections; Ca/c = 0.20; 6 » 3° to 7°. Numbers in 

parentheses denote model numbers. 
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Model 28 
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Model 50 
r-- — r — — j 


L/1 

Model 51 
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1 L_ 
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0 = 11.7° 
0 _= 11 . 2 ° 
0 = 11 . 2 ° 
= 10 . 8 ° 


3 wings, X/L = 0.89 


5 wings, X/L = 0.65 


5 wings plus 
free-to-roll tall, 
X/L = 0.65 

2 wings plus 
free-to-roll tall, 

xA = 0.63 
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(a) Full-exposed-span aileron. A = 0°. 

Figure I 6 .- Some effects of wing location and number of wings. A = 5*7> 
A = 1.0} Ca/c = 0.20} 8 5° to NACA 65 AOO 9 airfoil sections. 
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Model 14.8 




Model I4.9 




,4 


J2f = 11 . 7 ‘ 


)2f = 15. 


j2f = 10. 


0 = 10 .' 

Model 90 ^ ^ 


5 wings, XA = 0.80 
3 wings, X/L = 0.65 


5 wings plus 
free-to-roll tall, 
X/L = 0.65 

2 wings plus 
free-to-roll tall, 
X/L = 0.65 



(b) Full-exposed-span ailerons. 

Figure 16.- Continued. 
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Model 55 




0 = 11 . 6 ° 


0 = 154° 


0 = 15.5° 


5 wlnga, X/L = O.8O 


3 wings, X/L =0.65 


2 wings plus 
free-to-roll tall, 

X/t = 0.65 
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(c) Outboard half-exposed-span ailerons. A = 45°. 




0 = 11.3° 


0 = 12 . 8 ° 


0 - 12 . 0 ° 


3 wings, X/L = 0.80 


3 wings, X/L = 0,63 


2 wings plus 
free-to-roll tall, 

X/L = 0.63 



(d) Inboard half- expos ed-spein ailerons. A = 45°* 
Figure 16.- Concluded. 
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Figure 17*- Measured and estimated rolling effectiveness for several 

models simulating existing or proposed airplane wing-aileron configura- 
tions (without fixed tails). Estimated values were obtained from fig- 
ures 6, 10, 12, and l4. Nimibers in parentheses denote model numbers. 

5 SB 50 to 7° except for models 99 ^ 107 ^ IO 8 . 
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Figure 17*- Continued 
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Figure 17 .- Continued 
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Figure I 7 .- Concluded. 
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